Involvement of apoptosis in 4-vinylcyclohexene diepoxide-induced ovotoxicity in rats.
Previous studies have determined that 4-vinylcyclohexene diepoxide (VCD) causes specific destruction of oocytes contained in small pre-antral (primordial and primary) ovarian follicles of Fischer 344 rats following 30 days of daily dosing with VCD. The purposes of this study were to identify the type of VCD-induced cell death occurring in small pre-antral follicles and to determine the earliest time following the onset of dosing when evidence of follicular destruction could first be detected. A significant decrease in the number of oocytes contained in small pre-antral follicles in ovaries of rats after 15 days of daily dosing (ip) with VCD (80 mg/kg) had been observed in preliminary experiments. Therefore, a study was conducted to determine the time of the onset of this follicular destruction by examination of follicular DNA integrity. Female Fischer 344 rats were dosed daily (80 mg/kg, i.p.) for 6, 8, 10, 12, or 14 days, and ovaries were removed 1, 4, or 24 hr after the final dose. Small pre-antral follicles (25-100 microns) were isolated by gentle dissociation of ovaries with collagenase, and follicles were sorted with micropipets. Genomic DNA was isolated from follicles and radiolabeled with [32P]dideoxy ATP, and the degree of fragmentation quantified by agarose gel electrophoresis and autoradiography. Degradation of DNA was evaluated by 32P content in low-molecular-weight fragments ( < 4 kilobase pairs). Degradation of DNA was not observed in follicles collected 24 hr after the final dose on any day. However, a random pattern of DNA degradation was observed, and was significantly greater (p < 0.05) compared with controls, when follicles were collected 4 hr following VCD administration on Days 10 and 12, but not on Days 6 or 8, of dosing. Although not significant, there was also evidence of DNA degradation in dosed animals on Day 14. Histological evaluation of small pre-antral follicles in ovarian sections during the early stages of VCD-induced DNA degradation (Day 10; 4 hr) demonstrated margination of chromatin along the nuclear membrane in oocytes and disruptions in focal contact between granulosa cells and oocytes, both features indicative of apoptosis. Furthermore, there was no sign of ruptured membranes in granulosa cells or oocytes or of an inflammatory response, characteristics of necrosis (pathological cell death). Whereas biochemical and morphological evidence of follicular destruction was seen 4 hr after dosing on Day 10, numbers of oocyte-containing primordial and primary follicles in VCD-treated animals were not different from controls at that time. These results demonstrate that the initial evidence of impending destruction of small pre-antral follicles is first consistently visualized following 10 days of daily dosing with VCD, although a measurable reduction in oocyte numbers has not yet occurred. Despite the fact that internucleosomal cleavage of genomic DNA was not observed, morphological evaluations support that granulosa cells and oocytes in primordial and primary follicles are destroyed via the induction of apoptosis.